The thinning dynamics of a liquid neck before break-up, as may happen when a drop detaches from a faucet or a capillary, follows different rules and dynamic scaling laws depending on the importance of inertia, viscous stresses, or capillary forces. If now the thinning neck reaches dimensions comparable to the thermally excited interfacial fluctuations, as for nano-jet break-up or the fragmentation of thermally annealed nanowires, these fluctuations should play a dominant role according to recent theory and observations. Using near-critical interfaces, we here fully characterize the universal dynamics of this thermal fluctuation-dominated regime and demonstrate that the crossover from the classical two-fluid pinch-off scenario of a liquid thread to the fluctuation-dominated regime occurs at a well defined neck radius proportional to the thermal length scale. Investigating satellite drop formation, we also show that at the level of the crossover between these two regimes it is more probable to produce monodisperse droplets since fluctuation-dominated pinch-off may allow the unique situation where satellite drop formation can be inhibited. Nonetheless the interplay between the evolution of the neck profiles from the classical to the fluctuation-dominated regime and the satellites production remains to be clarified.
Introduction
For a drop to detach from a capillary or a faucet, the liquid thread connecting them must thin and break.
This break-up, or pinch-off, is an example of a singularity with well-established scaling laws and similarity solutions (1, 2, 3, 4, 5) . Different regimes and scaling laws have been predicted and observed.
For small liquid viscosities, the balance between inertia and capillarity leads to the so called inertial thinning regime with the thread radius vanishing as time to pinch-off to the power 2 3. When the radius of the thinning thread becomes smaller than the so-called viscous length scale 
and the visco-capillary-inertial regime emerging when further thinning significantly increases the inner fluid velocity and thus inertia (7) . In this latter case, the constant is C 0.030 = and the neck profiles are asymmetric. Note that more recently, other symmetric break-up dynamics have been found for a class of non Newtonian fluids for which thinning is dictated by the rheological properties of the fluids (8, 9) .
When the viscosity of the outer fluid is no more negligible, as in the present investigation, the thinning dynamics is dominated by visco-capillary stresses when the radius of the rupturing neck ( ) H η η is a function which was experimentally (2) and theoretically evaluated (10, 11) . In this two fluid visco-capillary regime, the thinning neck is asymmetrical, eventually leading to the formation of satellite droplets.
While these different regimes consider the interface as smooth even at the smallest scales examined, recent simulations of nanojet break-up (12, 13) as well as theoretical (14) and experimental work (15) revealed that the interface roughness due to the interfacial thermal fluctuations may play a dominant role
is the so-called thermal length scale estimated by comparing the thermal energy B k T to the surface tension γ . In this case, the thinning neck is predicted to be symmetrical with respect to the break-up location, thus minimizing the formation of satellite drops at pinch-off (13, 14) . Moreover, the thinning of the neck is predicted to follow the scaling 14) , where the proportionality factor remains to be determined theoretically and experimentally (14, 15) . Since the thermal length is classically in the range of a few molecules, observation of this thinning regime in a laboratory scale experiment requires a significant increase of T L .
A route for fulfilling this condition is the use of near-critical binary fluids with strongly fluctuating interfaces (16) which offer the unique opportunity of reaching strongly fluctuating hydrodynamic regimes.
Results
The experiment is performed in a near-critical phase-separated water-in-oil micellar phase of a microemulsion whose mass composition is adjusted to be critical at a temperature C T 308 K = . The second key point of the experiment requires starting with an initially stable and well-controlled liquid column to properly fix initial conditions and boundary effects before further destabilization. While large aspect ratio liquid columns are known to be unstable due to the Rayleigh-Plateau instability (3), it is briefly shown in the Supporting Information text that this fundamental limitation can be circumvented using the radiation pressure of a continuous laser beam to deform the meniscus separating the coexisting phases (18) , which is located in the middle of the sample due to near-criticality. For a sufficient beam power, the surface deformation ends up connected to the bottom glass face of the cell, thus forming a large aspect ratio liquid column whose diameter is controlled by the incident beam power. Hydrodynamic stabilization is provided through the radiation pressure exerted by the beam propagation inside the column (19) . Fig. 1A illustrates the regularity of such a laser-sustained liquid column. Fig. 5D ). While the fluctuationdominated regime does inhibit satellite drop formation, the subtle interplay between the temporal evolution of the neck shape and the production of these satellites in presence of fluctuations calls for additional theoretical and experimental work.
In conclusion, we have demonstrated the robustness of the signature of thermal fluctuations on the thinning dynamics of liquid necks, as well as the existence of a well-defined crossover to this regime. Our measurements bring a quantitative description of this regime in a near critical fluid. Since the existence of this regime requires self similar solutions, our results bring support to their relevance even in strongly fluctuating systems. We have also shown that the consequences of such fluctuation-dominated thinning can be quite important for the production of sattelite drops as predicted (12, 14) even though how this works precisely remains to be addressed. This property may be useful to produce monodisperse drops at very small scales with examples ranging from nanojet devices such as carbon nanotube channels (22) to the fragmentation of nanowires by thermal annealing (23) for creating chains (24) or patterns (25) of monodisperse nanoparticles.
Materials and Methods

Measuring the minimum neck radius
This measurement is carried out using movies of the break-up of the chosen liquid neck taken at frame rates between 100 and 500 frames per second. An example is given in Fig. 6 for ( )
and as depicted by the rectangular window in Fig. 6A , the images are inspected to visually delimit the region of minimal neck diameter. The intensity profile in the direction perpendicular to the neck is then hal-00751483, version 1 -13 Nov 2012 measured and averaged over the few pixels of the depicted window along the direction of the neck. This intensity profile is fit to a Gaussian up to the black stripes associated with the interface. By translating the window along the neck over which the intensity profile is measured and averaged, different Gaussian widths can be measured and we select the minimum width at half maximum as the minimum neck diameter. The resulting intensity profile corresponding to Fig. 6A is reported versus distance in pixels in 2) The coexistence curve, assumed to be symmetric close to the critical point: 3) The density of the coexisting phases:
( ) 
6) The optical absorption at the used wavelength: 
Generating Liquid Columns
The experimental procedure to produce stable liquid columns is presented in Fig. S1 Observations are performed from the side using a focused white light source for illuminating the sample and a 50 × Olympus microscope objective ( NA 0.45 = ) for imaging using a video camera and recording the destabilization of the liquid columns when the laser is turned off. A spectral filter is also placed between the microscope and the camera to eliminate the laser light scattered by the micellar phases near the critical point.
Contactless measurement of the interfacial tension
The measurement of ultra-low interfacial tensions is very difficult by usual contact techniques. We thus used the radiation pressure of the laser beam at low beam power to deform the meniscus separating the two coexisting phases and deduce γ at a given ( ) hal-00751483, version 1 -13 Nov 2012
